Over the last decade, the use of foodstuffs such as corn, wheat and soybean in biofuels production has been growing sharply in the United States, Canada and Europe. This growth has increased total demand for agricultural commodities and stimulated agricultural prices. However, corn, rice, wheat and soybean are the most important sources of calorific energy for West African Economic and Monetary Union (WAEMU) member states' population, and WAEMU countries are highly dependent on the imports of these products. Consequently, rising prices can have an important impact on imports and severe consequences on food security in these developing countries. This paper aims to investigate: (i) the short-term and long-term relationships between the prices of corn, rice, wheat, soybean and oil and their volatilities, and (ii) the effects of these agricultural commodities prices shocks on the imports of each WAEMU member states. The Autoregressive Distributed Lag (ARDL) model, the Multivariate Generalized Autoregressive Conditional Heteroskedasticity (MGARCH) model and the Granger causality test are used in this investigation. The results show that imports of agricultural commodities in WAEMU countries are highly and significantly sensitive to price changes in international market. In short term as well as in long term, there is a significant relationship between the prices of these products. We find a positive relationship in general between prices volatilities, and negative effects of price volatility on imports. Thus, distortions in world agricultural markets threaten considerably food security in WAEMU countries, especially access to food for vulnerable and low-income populations. Policy makers must adopt viable strategies to increase agricultural production and limit their dependence on imports.
Introduction
In the 2000s decade, the global economy has witnessed a steady increase in energy prices, caused by the low sensitivity of global demand relative to cyclical changes in world oil prices (Stuber, 2001) . Oil importing countries then saw their oil bills gradually reach record levels. This is inevitably a major problem for countries that are more likely to use petroleum products such as the United States. Several renewable energy laws wereMeanwhile, rice, maize and wheat are the most widely consumed food commodities in WAEMU countries. According to the report on food consumption in West Africa, the calorific contribution of rice to food consumption was 30% on average in Senegal, 19% in Côte d'Ivoire, 10% in Togo, 8% in Burkina Faso over the period 2004 (Taondyandé & Yade, 2011 . Maize is the most consumed cereal with an energy contribution of 24% in Togo, 12% in Burkina Faso, 11% in Senegal and 6.4% in Côte d'Ivoire over the same period. Wheat is a commodity imported into the area and consumed in Senegal, Côte d'Ivoire and Togo. In WAEMU countries, people depend heavily on agri-food markets -In Togo, households buy 80% of their food needs, almost 86% in Senegal, almost 81% in Mali, 76% in Côte d'Ivoire, 62% in Burkina Faso (Taondyandé & Yade, 2011) . Households put up to 50% of their total expenditure on food consumption (Taondyande & Yade, 2011) . This shows that the volatility and rise in world food prices strongly affect the level of food security in this part of the world and consequently deteriorate household living conditions. In the last decade, agricultural markets have been very volatile. Moreover, the outcome of the US presidential elections has increased uncertainty in these markets. Revisiting the analysis of the dynamics of the world prices of agricultural products, their volatility and their impact on imports of agri-food products in the different countries of the WAEMU zone is therefore necessary to guide decision-makers.
The purpose of this paper is to analyze (i) the short-term and long-term relationships between world commodities prices (rice, wheat, maize and oil); (ii) the transmission of price shocks or volatility between prices of rice, maize, wheat and oil; (iii) the effects of price shocks and volatilities on the level of imports of agricultural products in the different WAEMU countries.
The rest of the paper is organised as follows. Section 2 presents the econometric methods used in this investigation and sets out the data. Section 3 highlights the different empirical results obtained and Section 4 provides a critical analysis of a food security policy. Finally, Section 5 concludes and gives recommendations.
Materials and Econometric Models

Econometrics Models
The analysis of agri-food price dynamics is generally based on the classic econometric models of time series such as autoregressive vector (VAR), Structural VAR (SVAR), and error correction model (Wang, 2014; Sadrosky, 2014; Mensi et al., 2014; Jababli et al., 2014; Gross, 2017) . In the last decade, new models of analysis of short and long-term relationships, and asymmetric price transmission tests between producers, processors and retailers such as Autoregressive Threshold (TAR) and Momentum Models Autoregressive Threshold (MTAR) were developed and applied (Enders & Siklos, 2001; Olemu & Ogundeji, 2010; Sun 2011; Surathkal et al., 2014 , Ning & Sun, 2014 Alam & Jha, 2016; Ankamah-Yeboah & Bronnmam, 2017) . The necessary hypothesis that validates the application of the three models (MEC, TAR and MTAR) for the simultaneous analysis of short and ijef.ccsenet.org International Journal of Economics and Finance Vol. 9, No. 12; long-term relationships between economic indicators is that all variables included in the model must be integrated in the same order d (I (d)) (Enders & Siklos, 2001 
, , , and representing respectively the prices of rice, maize, wheat, soybean and oil. All variables are transformed to their logarithmic form and are taken in the first difference (Δ). Equations 1, 2, 3 and 4 are called the error-correction version of the ARDL model because of the linearity of the long-term relationship represented by the coefficients , , , and (Baek & Koo, 2009 ). According to Pesaran, Shin and Smith (2001) , the ARDL model is a test approach for the relationship between a dependent variable and a set of independent variables. This test is based on the standard Fischer test used to test the significance of delay levels in a varied plain error correction mechanism (Pesaran et al., 2001) . In contrast to the standard error-correction model which is based on the fact that endogenous variables are integrated in the same order, the ARDL model assumes that each variable is Stationary in level I(0) or in first difference I(1) (Engel & Granger, 1987; Johannsen, 1995 , Enders & Siklos, 2001 . It is thus a bounded cointegration test that provides two critical F-test values for each confidence level corresponding to the case where all the variables are purely I(0) and purely I(1). These two critical values define a band covering all the possibilities of classification of the variables going from purely I(0) to purely I(1) or mutually cointegrated (Pesaran et al., 2001) . This ARDL approach is more robust and efficient with small samples than other cointegration techniques Pesaran et al., 2001, and Baek & Koo, 2009 ).
The Multivariate Generalized Autoregressive Conditional Heteroskedasticity (MGARCH) model was used to analyze the transmission of shocks between agricultural products prices on the international market, specifically between the prices of rice, maize, wheat and soybean. This approach allows us to see how the dynamics of shocks on each agricultural product affects the dynamics of the prices of other commodities, and hence the level of food security in countries heavily dependent on imports.
The ARDL approach of long-term bounded test is also used to investigate the relationship between the levels of rice and wheat imports by Togo, Mali, Benin, Senegal, Côte d'Ivoire and Burkina Faso. The level of risk aversion of firms importing agricultural products can affect their level of imports. The higher the volatility of prices, the more risk-averse firms can reduce their level of import and consequently affect the availability of food in the local market. This can lead to food insecurity due to rising prices, to inadequate supply which result overall in an ever-increasing demand. According to economic theory, demand is a decreasing function of price. Indeed, the rise in prices can lead to a fall in imports of agricultural products and consequently to an increase prices on the local market. Per capita import and global import quantities were considered dependent variables and prices of rice and wheat and their volatilities as exogenous variables. Rice and wheat were selected because of the heavy import dependency of the West African countries mentioned above. The ARDL equations express the relationship between imports, price levels and their volatility are specified as follows:
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International Journal of Economics and Finance Vol. 9, No. 12; With and representing respectively the import level of rice and wheat at period t, and and respectively the price on the international market for rice and wheat in period t. The error terms and respectively follow a white noise process. and represent respectively the standard deviation of the price of rice and wheat, calculated annually according to the monthly data of each year. They materialize the series of annual volatility of agricultural commodity prices. The following section presents the data used in the empirical estimation of the different econometric models.
Data Description
Monthly data on the prices of agricultural products (rice, maize, wheat, soybean and oil) are available on the United Nations Conference on Trade and Development (UNCTAD) website. These monthly data were used to analyze the synergies between the price dynamics of these main agri-food products. The analysis of price volatility using the multivariate GARCH model is based on these monthly data. Figure 1 shows the evolution of these prices over the period January 1999 to December 2016. The trends show graphically interdependent relationships between the prices of agricultural products on the world market. Indeed, Figure 1 shows, for example, that the evolution of maize price follows the dynamic of wheat price with a small lag. Among agricultural products, the price of maize is the most volatile with a coefficient of variation 8.34 against 7.51 for rice, 7.07 for wheat and 6.84 for soybean. However, the price of a barrel of oil remained more volatile (14.81) than the prices of agricultural commodities. The monthly data were used to calculate the average annual prices of these agricultural products. Data on import levels of rice and wheat for each considered WAEMU country were obtained from the FAO website. The rice and wheat prices volatility series are obtained by calculating the standard deviation (SD) of the monthly price for each year T.
With , the price of the agricultural commodity at month k of year T and ̅ the monthly average price of year T. The figure in Appendix A represents the dynamics of the imports flows of rice and wheat for each country according to the price level of these products.
Empirical Results and Discussions
Unit Root and Granger Causality Tests
The Augmented Dickey-Fuller and Phillips Perron tests are used to investigate the presence of unit root in the (2011), then there is a statistically significant cointegration relationship. If the empirical F-statistic is between the lower bound I(0) and the upper bound I(1) then, according to Pesaran, Shin and Smith (2001) , one cannot conclude on the existence of the long-term relationship between the variables. If, on the other hand, the empirical F-statistic is less than the critical value corresponding to I(0) according to the table of Pesaran, Shin and Smith (2001) then there is no cointegration relation between the variables considered. Tables 1, 2 and 3 present the results of stationarity and Granger causality tests as well as the results of cointegration relation tests, estimates of long-run equations between prices of agricultural products and short-term relationships between these variables. Note. ***, ** and * denote Significance the 1%, 5%, and 10% level respectively. Note. ***, ** and * denote Significance the 1%, 5%, and 10% level respectively.
The Augmented Dickey Fuller (ADF) and Phillipe Perron tests (Table 1) show that all variables contain a unit root in level, but become stationary at the first difference. Table 2 presents the results of short-term causal interrelationship between rice, maize, wheat and soybean and oil prices. The Granger causality test is the tool used in causality analysis. The results (Table 2) show that the price of maize Granger cause respectively the rice ijef.ccsenet.org
International Journal of Economics and Finance Vol. 9, No. 12; price, wheat price and soybean price. There is also a two-way relationship between the price of rice and the price of wheat. In fact, the results show that the price of rice causes Granger's price of wheat and the price of wheat in Granger's sense causes the rice price at the 10% significant level. This sense of bidirectional causality is significant between maize and soybean prices. This latter result can be explained by the fact that maize and soybean are the main inputs in the livestock sector as livestock and poultry feed in developed countries and are widely used in the case of poultry in developing countries. Because rice, maize and wheat are substitute products and the main food commodities, prices are interconnected in the short term. For example, in Senegal, rice and wheat constitute the first foodstuffs. The main calorific energy sources are derived from these two agricultural products. However, the country heavily relies on imports of these commodities.
Results of the Analysis of the Short and Long Term Relationships and the Volatility of Agricultural Prices
The results of the rice, maize, soybean and wheat cointegration test with the ARDL model (see tables 3 and 4) show two statistically significant cointegration relationships at the 5% level with as dependent variables wheat and rice. In other case, any cointegration relationship is inconclusive or significant. The estimated of short term and long-term parameters are respectively summarized in Table 3 and 4. Results of long-term relationships suggest that wheat price is positively and significantly related to those of maize and soybean. On the other hand, the relationship between wheat and rice is negative and statistically significant. As a result, a rise (decrease) in the maize or soybean price leads to a rise (decrease) in the price of wheat while a rise (decrease) in the rice price leads to a fall (rise) in the price of wheat. In addition, the prices of rice, wheat and soybean have significant positive effect at the 1% level on maize price. In fact, a 1% rise in the price of rice, wheat and soybean leads respectively to a rise of 0.204%, 0.629% and 0.299% in maize prices. On the other hand, the results show that the price of rice is long-term negatively and significantly linked to the price of wheat and positively linked to the price of maize and soybean. In addition, a 1% increase in the price of wheat implies a reduction in the price of rice by 0.250%. On the other hand, a 1% increase in the maize and soybean price leads respectively to an increase of 0.408% and 0.434% in rice price. The price of soybean is positively and significantly linked in the long term to the price of wheat, maize and rice. The results show that a 1% increase in the price of maize, wheat and rice leads respectively to an increase of 0.361%, 0.307% and 0.262% in soybean price. The price of oil has a significant long-term effect only on the price of wheat and the price of rice. A one percent increase in the oil price leads to a significant increase of 0.247% of wheat prices and of 0.348% of the soybean price.
Long-term coefficients estimations results
Variable
In the short term, the results show that (table 4) maize and soybean prices positively and instantly affect the price of wheat. Moreover, the maize price is positively sensitive to wheat, rice and soybean price. On the other hand, the results show that the rice price depends negatively on the price of wheat in the short term, positively on maize price, positively and negatively on staggered rice prices, and positively on the soybean price. The price of oil affects the price of rice in the short term. In the case of soybean prices, the results show that the instant prices ijef.ccsenet.org
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Vol. 9, No. 12; 2017 of wheat, maize and rice significantly and positively affect the price of soybean in the short term. However, delayed maize prices have negative effects on soybean prices, while the delayed oil price has a positive and statistically significant effect on soybean prices. Note. ***, ** and * denote Significance the 1%, 5%, and 10% level respectively.
The volatility of prices and their interrelationships were analyzed with the multivariate GARCH model. The results of the estimates are summarized in Table 4. ijef.ccsenet.org
Vol. 9, No. 12; 2017 Note. ***, ** and * denote Significance the 1 %, 5 %, and 10 % level respectively.
The sum of the lambda 1 and lambda 2 adjustment parameters, significantly less than one, validates the robustness of our model. In addition to the short and long terms relationships between these commodities the price volatilities (rice, soybean corn and wheat) are autoregressive at the 5% significance level. As a matter of fact, the current volatility of agricultural commodity prices in the world market is significantly related to their volatility in previous periods. However, only wheat and maize price volatilities are significantly (p-value < 1%) correlated.
Effects of Price Dynamics on the Level of Imports of Rice and Wheat in WAEMU Countries
The West African countries agriculture rice production represents only 50% of consumers' needs in the sub-region (Lançon and Benz, 2007) . According to these authors, rice imports are the most agro-food imports, representing 20% of the total value of agricultural imports in the sub-region. Torres and Seters, (2016) highlighted that rice and wheat are in the top three imports agricultural and food products imported in the west Africa region specifically in WAEMU countries. For these reasons, we focused on the impact of the world market characteristics on the rice and wheat imports in WAEMU countries.
The ARDL cointegration test between imports and agri-food prices is carried out and reported in table 6. It should be noted that the stationarity tests were performed on the annual series of imports and prices. All series are stationary after the first difference. In Togo and Mali, the rice and wheat imports are combined with their respective prices. On the other hand, for rice (wheat), there is a long-term relationship in Senegal (Côte d'Ivoire). However, there is not any cointegration or inconclusive long-term relationship in Benin and Burkina Faso. All these long-term relationships (Table 6 ) are positive and significantly at the 5% level. This is consistent with macro-level imports or imports per capita (Table 6 ). The relationship between import and price of these products varies across countries.
These results can be explained by the fact that the demand of foodstuffs derived from these agricultural products is increasing and this demand is insensitive to the rise in their price. Furthermore, commodities aggregate demand may be due to the sharp growth of WAEMU countries population. Similarly, at the micro level, the results show that the demand per capita grows even if product prices increase. There are many socioeconomics facts such as growth of income, exchange rate fluctuation, strong urbanization in these countries, and dynamics of consumption behaviors that could explain this situation. In Senegal, rice and wheat remain the main sources of calorific energy for the population (Thaondyandé & Yade, 2011) . The increase in per capita import can be explained by government subsidies on these products. In other countries, rice and wheat are largely in the consumption patterns of urban households. Rural people consume rice mainly during the holiday season. Nevertheless, rural populations are progressively integrating food derived from rice and wheat into their consumption patterns. In west Africa, Over the past 30 years, rice imports have increased by only 3.5 kg per ijef.ccsenet.org
International Journal of Economics and Finance Vol. 9, No. 12; capita, and have actually decreased when measured per capita of the urban population (Vorley & Lançon, 2016) . It means that rice consumption demand in rural are growing in this region. Table 6 . ARDL Cointegration test and estimation of long-term relationships between imports and prices of agricultural commodities (rice and wheat)
Note: ***, ** and * denote Significance the 1 %, 5 %, and 10 % level respectively. Table 7 presents the results of the estimates of short term relationships between imports and agricultural commodity prices. In general, lags in imports variables for wheat and rice have negative effects on current imports except for Mali. Moreover, for the later, there is not any significant effects. The results also show that rice imports are significantly and negatively sensitive to its price and its delayed values in Togo, in Mali and in Burkina Faso. By contrast, the current price has a positive effect on the rice import while its delayed values have negative effects in Mali, Benin, Côte d'Ivoire and Senegal. In addition, lags in the wheat price have a negative effect on import in all countries.
Annual prices volatilities have negative effects on the rice and wheat import in all countries except for Côte d'Ivoire and Burkina Faso whose wheat price's volatility has a significant positive effect on imports. This suggests that companies are risk averse and play strategies to minimize the effects of price volatility on their economic activities. They acquire stocks at low commodities prices to serve the population during periods of soaring prices on the international market. Note. ***, ** and * denote Significance the 1%, 5%, and 10% level respectively. Standard Error is in parentheses (.).
Our findings suggest that the WAEMU countries heavily dependent on imports of these agricultural products and are strongly affected by the volatility of prices, and even by those of products of which they do not import. Price ijef.ccsenet.org
International Journal of Economics and Finance Vol. 9, No. 12; Dynamics of agricultural products are significantly dependent; importing countries are threatened by soaring prices. It is therefore important for importing countries with agricultural potential to develop strategies promoting the production of these agricultural products at the local level in order to mitigate subsidy spending and food insecurity, improve availability and accessibility.
The following section attempts to analyze the effects of the price dynamics of rice and wheat on their volatility on the level of imports of these products for Togo, Mali, Burkina, Benin, Cote d'Ivoire and Senegal.
Criticisms of Certain Food Security Policies in WAEMU Countries: Case of Togo
The main objective of this section is to conduct a criticism analysis of food security policy implemented in WAEMU countries and their impact on rural population welfare through the price and livelihoods analysis. WAEMU countries have their food security programs which have common objectives. However, each country adapts their policies to their local contexts. There is a lack of critical analysis on these programs operation and their efficiency. In this study, we focused on the case of Togo and more specifically on the Togo National Food Security Agency.
Togo National Food Security Agency (ANSAT in French)
Most farmers in Togo are smallholders. According to the Agricultural Census Report (MAEP, 2014) , 77% of cultivated plots have less than 0.5 hectares and more than 91% are less than one hectare. During the 2012 campaign, only 33.50% of the plots were fertilized (MAEP, 2014) . The National Food Security Agency of Togo (ANSAT) is responsible for collecting and purchasing surplus production during harvesting periods in order to build up stocks that are re-injected at affordable prices on the market during welding. This ensures the availability and accessibility of food during hard periods. Figure 2 shows the evolution over the period 2002 to 2013 of the share of the national budget allocated to the development of agricultural sector, the share of the rural population and the share of the Agricultural Gross Domestic Product (AGDP) in the total wealth created at National level. The agricultural sector contributes at about 40% of national GDP and the rural population accounts for more than 60% of the total population. Agricultural and agro-pastoral activities are the means of subsistence for this rural population. However, the share of the national budget allocated to the development of agriculture highlights that the authorities give less importance to this sector. As a matter of fact, the State devotes about 5% of its annual budget to the agricultural sector which contributes to 40% of the wealth created and directly depends on two thirds of the national population. Farmers do not have access to productive resources (fertilizer, improved seeds, credit), road and storage infrastructure are virtually non-existent in rural areas, and the working tools remain rudimentary. Farmers are exposed to enormous post-harvest losses due to the lack of storage and the effects of climate change with the prolongation of rainy seasons and floods. 
Budget, Gross Agricultural Domestic Product and Rural Population
Small-Holder Farmers and ANSAT: Buyers or Sellers and When?
Since smallholder's farmers do not have storage facilities for all their production, even though these productions ijef.ccsenet.org
International Journal of Economics and Finance Vol. 9, No. 12; are insufficient for their annual consumption, they sell a large part of their production to ANSAT and to traders. Moreover, during the harvesting periods, agricultural prices are very low, namely maize's, the main food crop in the country and the main source of calorific energy for the population and the rural one specifically. Farmers consume the rest of their production over the rest of the season until December. From January to the new rainy season, the majority of rural households are in periods of food shortage due to the fact that they have exhausted their entire stock. Thus, during harvest periods, producers are sellers (low prices period) and ANSAT is the main buyer. On the other hand, during the lean periods (January-June), prices are very high and ANSAT is the seller and the smallholder's farmers are buyers. Figure 3 above shows the dynamic of the domestic corn price in XOF over the period January 2010 to December 2015 (data obtained from the FAO site). This graph also presents the grace periods and the hard periods as well as the changes of status of the economic actors in the market depending on the state of the period.
Livelihoods of Smallholder Farmers During Periods of High Corn Price and Implications for Nutrition
During hard periods, many rural households suffer from hunger, food and nutritional inadequacies. Smallholder households use alternative livelihoods to survive: selling small livestock (goats, sheep) and poultry, hunting and picking fruit and bush products. The sale provides them with low income for the purchase of food. Rising prices of major staple foods deprive many rural households of access to adequate and safe food. Households plan their consumption once a day. Children and pregnant women suffer from nutritional and nutrient deficiencies.
Conclusion
The objectives of this paper were to (i) analyze short and long-term relationships between prices of rice, wheat, maize and oil; (ii) examine the transmission of shocks between these prices; and (iii) evaluate the impact of shocks and price volatility on their import in each WAEMU countries. Understanding the dynamic of prices and their impact on imports on which the countries depend heavily provides a better framework for agricultural policies to meet food and nutrition security targets. WAEMU countries have high agricultural production potential that remains untapped, yet they remain heavily dependent on imports of agricultural commodities. The sharp rise in prices makes households with low incomes vulnerable to malnutrition. To attempt these objectives, we have conducted autoregressive distributed lag models (ARDL), Granger causality test and multivariate GARCH model on monthly data from January 1999 to December 2016. Annual prices and imports data were used to assess the impact of price shocks on agricultural commodities imports.
The results show that there is a statistically significant bi-directional causality relationship between maize and soybean prices and between rice and wheat prices. Moreover, rice and wheat prices are significantly sensitive to maize price shock. The price volatility of rice, corn, soybean and wheat is autoregressive. Overall, these price volatilities are positively and significantly connected to each other. We find that in the short term as well as in long term, commodities prices are affecting each other. The change in the price of energy significantly affects the price of rice in the short term. In short, there is strong synergy between changes in the prices of agricultural products. This further suggests that a sharp increase in one of these prices may lead to a general surge in food prices and consequently to a food crisis.
In short term, rice imports are significantly and negatively sensitive to its price and its delayed values in Togo, Mali and Burkina Faso. By contrast, current rice price has a positive effect on imports while its delayed values have negative effects in Mali, Benin, Côte d'Ivoire and Senegal. In addition, previous wheat prices have negative effects on imports in all countries. Rice and wheat imports are respectively cointegrated with their prices in the case of Togo and Mali. Wheat imports are cointegrated with their price in Senegal. However, the long-term relationship between rice imports and their price is not statistically significant. The annual price volatility has significant negative effects on rice and wheat imports in all WAEMU countries.
To summarize, these empirical findings suggest that the levels and volatility of agricultural commodities prices in world markets strongly affect the availability and accessibility of food in WAEMU countries that are highly dependent on their imports. Policy makers must adopt appropriate strategies to increase agricultural production and reduce their dependence on imports.
